Objective: To assess the outcomes of transanal endoscopic microsurgery in small (Ͻ3 cm), large (3-5 cm), and giant (Ͼ5 cm) lesions and compare these with reports of alternative techniques.
T RANSANAL ENDOSCOPIC MIcrosurgery (TEMS) is a minimally invasive technique for local excision of some rectal adenomas and other lesions not amenable to traditional endoscopic resection. It was first described by Buess et al 1 in 1984 and since then has gained popularity in view of its safety and ability to provide intact fullthickness specimens with low R1 resection and recurrence rates. [2] [3] [4] [5] However, there is some debate as to the best technique for excision of large (Ͼ3 cm), and particularly giant, rectal adenomas in view of the increased risk for occult malignancy in large adenomas [5] [6] [7] [8] [9] combined with the significant incidence of R1 resections for traditional peranal techniques and piecemeal resection for endoscopic techniques such as endoscopic mucosal resection (EMR) in these lesions. 7, [10] [11] [12] [13] Our study examined the R0 resection, en bloc and full-thickness excision, and recurrence and complication rates for TEMS in a consecutive series of large (3-5 cm) and giant (Ͼ5 cm) rectal adenomas and compared these with outcomes for small (Ͻ3 cm) lesions. We also reported outcomes for alternative techniques on lesions of equivalent size. The rationale for the division in 3 size groups is as follows. First, literature reports have suggested that EMR can provide en bloc excision for lesions less than 3 cm, therefore the study aimed to compare the outcomes of TEMS vs EMR in that group. Second, the literature has tended to describe giant rectal lesions as being greater than 5 cm; our study aimed to compare outcomes of TEMS with the literature in this group. The residual 3-5 cm group was included for completeness.
METHODS
Data on all patients who underwent TEMS for benign rectal adenomas in St Richard's Hospital, Chichester, between January 1998 and February 2010 were collected in a prospective database. The anonymous analysis of the database was exempted from trust ethical committee (institutional review board equivalent) approval. Some of these patients have already been described elsewhere. 2, 14, 15 Preoperative staging included endoscopic assessment, biopsy sampling, pelvic magnetic resonance imaging (MRI), and endoanal ultrasound scan. However, radiologic assessment of the lesions was not uniform throughout the series, therefore these data were unsuitable for analysis. Lesions with a histologic proven diagnosis of invasive malignancy were excluded.
Patient demographics, complications, mortality, and recurrences were recorded. The resected lesions were analyzed for size, histology, thickness of excision, presence of unexpected cancer, and resection margin status. Low rectal lesions within 2 cm of the dentate line were excised with conservation of the underlying proximal internal sphincter; therefore, they were classified as partial-thickness excisions. Partial-thickness excision was also preferred on benign low anterior lesions in men to avoid nerve damage and, early in the series, on lesions above the peritoneal reflection to avoid a peritoneal defect. Late in the series, high anterior lesions were removed full thickness and the peritoneal defect sutured intraoperatively. Controlled recognized intraoperative breach of the peritoneum in high anterior lesions was not classified as perforation. 16 If there was evidence of incomplete resection of the muscularis propria in any part of the specimen either macroscopically or microscopically, the resection was classified as partial thickness. The specimens were pinned out on a corkboard in theater and the diameter of the lesion was recorded by the histopathologist in the fixed specimen. The 3 piecemeal specimens were resected in 2 to 3 large pieces and reconstructed when pinned out, allowing for measurement of the diameter (though not the margin status). Operative resection margins were 5 mm for benign lesions and 10 mm for adenomas suspected of containing foci of malignancy. Complete (R0) or incomplete (R1) resection margins were assessed by the pathologist. Lesions removed piecemeal were automatically classified as R1. Major complications were defined as sepsis, bleeding requiring transfusion, intraperitoneal perforation diagnosed postoperatively, pneumonia, rectovaginal fistula, pulmonary embolism, and myocardial infarction. Minor complications were defined as urinary tract infections/urinary retentions, temporary incontinence, rectal stenosis, fecal impaction, tenesmus, and minor bleeding.
The starting point of follow-up was the date of the TEMS, while the terminating point was the date of local recurrence, the patient's death, or the patient's last visit available from records. Local recurrent lesions were defined as those manifesting on the previous surgical site during follow-up. Primary and recurrent benign lesions, independent from the resection margins status, had standard follow-up with sigmoidoscopy at 4, 12, and 24 months. Yearly follow-up with rigid sigmoidoscopy in the outpatient clinic was continued beyond 24 months when spontaneously requested by the patients. All malignant lesions treated by TEMS alone had standard follow-up, with flexible sigmoidoscopy and pelvic MRI every 6 months for 2 years, then annually to 5 years, and with computed tomographic chest/abdomen/pelvis scans at 1, 2, and 5 years. In addition, we used recorded longer-term data from routine subsequent colonoscopic follow-up on eligible patients according to national guidelines. 17 Excluded from the analysis of recurrence rates were patients who did not attend any follow-up visits and for which no data were available, those who died perioperatively, and those with unexpected malignant histology who underwent immediate radical resection after TEMS. The outcome data were analyzed in 3 subgroups according to the maximum diameter of the lesion recorded in the histopathologic report: group A, Ͻ3 cm; group B, 3-5 cm; and group C Ͼ5 cm. The analysis of recurrence rates at follow-up was reported as disease-free survival. Disease-free survival was the time from the TEMS procedure to the diagnosis of recurrence.
All data were initially entered into an ACCESS database (Microsoft), and the analysis was performed using the Statistical Package for the Social Sciences Windows version 13.0 (SPSS). Descriptive statistics consisted of the mean (SD) for parameters with Gaussian distributions (after confirmation with histograms and the Kolgomorov-Smirnov test), median (range) for non-Gaussian distributions, and frequencies for categorical parameters.
Comparisons among groups A vs B vs C were performed with the 1-way analysis of variance for continuous Gaussian variables and Kruskal-Wallis test for continuous nonGaussian variables. Comparisons between groups A vs BϩC were performed with the Mann-Whitney U test for continuous nonGaussian variables. The 2 or Fisher exact tests were used for categorical variables (Fisher test, if cell counts were inferior to 5). The Kaplan-Meier method was used to perform the timeto-event analysis and evaluate the recurrence rates among the 3 groups, which were reported as disease-free survival. For this purpose, estimation of the rates was conducted up to 7 years of follow-up owing to the small number of patients available afterwards. The risks for recurrence among the 3 groups were compared with the log-rank Mantel-Cox method. Cox regression was used to study the influence of these covariates on recurrences. PϽ.05 was considered statistically significant. The Kaplan-Meier method was also used to perform the time-toevent analysis and evaluate the mortality rates among the 3 groups, which was reported as overall survival.
RESULTS
A total of 320 lesions with a preoperative diagnosis of benign adenoma were resected. Demographics as well as lesion areas and locations in relation to dentate line and rectal wall are summarized in Table 1 (lesion diameter in Table 1 and Figure 1) . Of 320 lesions, 124 lesions (38.7%) were 10 cm or greater from the dentate line and 31 lesions (9.6%) were 3 cm or less.
HISTOLOGIC ANALYSIS
The histologic findings are shown in Table 1 . There were 49 adenomas in group A with a median maximum diameter of 2 cm (range, 0.6-2.8 cm) and a median lesion area of 3. Table 1 . There was no statistically significant difference among the 3 groups in the incidence of severe dysplasia or unexpected malignancy (P=.64). Two patients with T3 cancers were not identified preoperatively. One was treated in 2000 before endoanal ultrasound scan and MRI were available. The second was understaged preoperatively.
UNEXPECTED MALIGNANCY
Of the 41 patients with unexpected malignancy, no significant differences in the T category (T1, T2, and T3) were found when comparing groups, A vs B vs C (Fisher exact test; P=.70) or group A vs BϩC (Fisher exact test; P=.65). Ten patients underwent immediate radical resection because of unfavorable histology including 4 patients with involved margins. The remaining 31 patients had no immediate radical resection (10 patients because of favorable histology [T1 submucosal stage 1, well differentiated with no lymphovascular invasion] and 21 patients owing to informed patient choice or unfitness for surgery in the presence of unfavorable histology).
RESECTION MARGINS AND TECHNIQUE OF EXCISION
The en bloc excision rate was 99% overall and 100% for lesions less than 5 cm (Table 1) . Only 3 of 118 giant lesions (2.5%) were excised piecemeal. The thickness of excision was recorded in 301 of 320 lesions (94.1%). Of these 301 lesions, 243 (80.7%) were excised full thickness and 58 (19.3%) were excised partial thickness. The rate of full-thickness excision was significantly lower in group A (P Ͻ .001). No significant differences were observed for the resection margin involvement (R1) rate when the procedures were classified according to the be- Table 2) . The R1 resection rates for lesions excised full thickness and for lesions excised partial thickness were 23 of 243 (9.5%) and 6 of 58 (10.3%), respectively. Even in this case, there was no statistically significant difference in the R1 rates between the 2 techniques (P =.84).
PERIOPERATIVE MORBIDITY AND MORTALITY
There was 1 perioperative death in group B only. This patient had a delayed intraperitoneal perforation on the first postoperative day, was treated with a primary closure of the perforation and defunctioning loop colostomy, and died 9 days later of multiorgan failure. Data on minor and major postoperative complications are summarized in Table 2 . In 19 patients who underwent fullthickness excision of high anterior lesions, the peritoneum was breached and sutured intraoperatively with no added morbidity. The incidence of complications was significantly greater after excision of larger lesions (Table 2) .
FOLLOW-UP RESULTS
Twenty-three patients (12 with benign and 11 with malignant lesions) were excluded from the follow-up analysis: 12 did not attend follow-up, 1 died perioperatively, and 10 patients had unexpected malignant histology that underwent immediate radical resection after TEMS. The excluded patients were equally represented among groups: group A=4 (8%),groupB=12(8%),andgroupC=7(6%; 2 test;P=.41).
MALIGNANT LESIONS
Of the 31 malignant lesions treated by TEMS local excision alone, 1 patient declined further treatment and did not attend follow-up, 2 patients died within 6 months of surgery for causes unrelated to surgery, and 7 patients developed a malignant recurrence (all intraluminal), although all had R0 resection margins and fullthickness en bloc excision. None of the 31 patients had neo-adjuvant or adjuvant chemotherapy with or without or radiotherapy. The original histology from the previous TEMS in the 7 recurrences was pT1sm1 in 3 patients, pT1sm3 in 2, and pT2 in 2. At the time of the primary excision, 3 patients opted consciously for conservative management and 4 patients were unfit for radical surgery. The recurrences were treated with chemoradiotherapy and salvage radical surgery in 2 cases, with 1 further recurrence. One patient was successfully treated by repeat TEMS. Another underwent palliative radiotherapy. The remaining 3 patients had no further treatment because of advanced age and comorbidities. 
RECURRENCES
The time-to-event analysis performed with the KaplanMeier method showed different trends of recurrence rates among the 3 groups ( Table 3 ; Figure 2 ), while the logrank Mantel-Cox test defined that group C was statistically different from the others (P=.04). In this group, the risk for recurrences was significantly higher 40 months after the operation compared with groups A and B. In other words, the disease-free survival was shorter in group C compared with groups A and B, and this difference was significant 40 months after surgery. The univariate analysis showed a significant association of age and distance from the dentate line with recurrences ( Table 4) . The Cox regression analysis showed that among the variables evaluated, only R1 margins and age were significantly associated with recurrences, with the former having a greater influence ( Table 4) . The time-to-event analysis performed with the KaplanMeier method also showed that the overall survival for group A was better than groups B or C (log-rank MantelCox test; PϽ.01); however, the cancer-related overall survival was not significantly different (log-rank MantelCox test; P=.05). The significant difference in the overall survival relates to the other causes of mortality (noncancer and nonsurgical related) that were not equally distributed among the groups (Table 2) .
COMMENT
Large or recurrent rectal adenomas that are not amenable to standard colonoscopic polypectomy can be treated by a variety of methods. These include perianal or open rectal techniques, EMR, endoscopic submucosal dissection (ESD), TEMS, and open or laparoscopic transabdominal resection. 1, 10, 18, 19 The ideal technique should be safe, costeffective, have low R1 resection and recurrence rates, provide an intact en bloc full-thickness specimen for optimal histologic assessment, deal effectively with unexpected cancers, preserve the anorectal function, and be acceptable to patients. None of the currently available techniques fulfils all these criteria.
Our series showed that TEMS was able to achieve an overall R1 resection rate of 9.7%, an intact en bloc specimen in 99.0% of cases, and full-thickness excision in 80.7% of them. An intact en bloc specimen is important to allow definitive histologic analysis and reduce local recurrence. 11, 20, 21 Unexpectedly, the rate of fullthickness excision was significantly lower in the group with small lesions (P Ͻ.001). A possible explanation is that small lesions were more common early in the series as the excision of large lesions required a learning curve that coincided with an increased confidence of the authors in performing full-thickness resections, in particular on high lateral and anterior lesions. Nevertheless, partial-thickness excision did not translate into higher R1 rates when compared with full-thickness ones, and no association was found with local recurrence rates ( Table 4) .
Unexpected cancer is a problem in apparently benign rectal lesions. The preoperative assessment (including biopsy, pit-pattern analysis, endorectal ultrasonography, and MRI) does not always identify a small focus of carcinoma, which is otherwise found only at the final analysis of the complete specimen. In the present series, the preoperative staging included endoscopic assessment, biopsy sampling, pelvic MRI, and endoanal ultrasound scan. However, pelvic MRI and endorectal ultrasonography were not generally available in the early years of the study, while later on they produced results of variable quality because they originated from different machines and numerous referring hospitals. Therefore, the preoperative radiologic staging was not suitable in our series for a consistent analysis.
In view of the limitations of the current preoperative staging techniques, it can be argued that any therapeutic technique other than wide full-thickness excision biopsy of an intact specimen as provided by TEMS could lead to under treatment. In our series, the incidence of unexpected carcinoma in lesions greater than 3 cm was 13.5%, which compares with rates of 5% to 29% reported in other series of large rectal adenomas. [5] [6] [7] [8] [9] Interestingly, although there was a trend toward an increased incidence of unexpected malignancy in larger adenomas, this did not reach statistical significance. In the presence of unexpected cancer, accurate histopathologic analysis and assessment of resection margins is paramount to determine the risk for local recurrence and the need for more radical treatment. Pathologic parameters that have been identified as predictive factors for lymph nodes metastasis in early rectal cancers include depth of submucosal invasion, cell differentiation, tumor-cell dissociation, and lymphovascular invasion. [22] [23] [24] An intact en bloc full-thickness specimen as provided by TEMS allows accurate assessment of the depth of submucosal invasion and the resection margin status to inform decision making on further management. Transanal endoscopic microsurgery excision of small, early rectal cancers without adverse pathologic features is an accepted and successful treatment. For cancers with adverse pathologic features, outcomes of immediate radical resection after local excision are comparable with those of primary radical surgery. 25, 26 However, delayed salvage surgery for local recurrence after local excision has less favorable results with a disease-free survival for immediate resection vs delayed salvage surgery of 94.1% vs 55.5%, respectively. 27 Traditional peranal excision is a safe technique for lesions in the distal rectum but is associated with high R1 resection and recurrences in both benign and malignant lesions and cannot access the upper rectum. 10 When compared with peranal excision, TEMS provides lower R1 resection (10%-19% vs 29%-37%), lower local recurrences (5%-9% vs 27%), and better cost-effectiveness with similar complication rates. 9, [28] [29] [30] The overall R1 and local recurrences in this TEMS series (9.7% and 8.4%, respectively) supported the findings from previous reports when compared with literature from perianal techniques.
Modern endoscopic techniques such as EMR and ESD perform dissection in the submucosal layer rather than full-thickness excision as with TEMS. Submucosal dissection is acceptable for benign lesions but if unexpected malignancy is found on definitive histologic examination, it can be argued that full-thickness dissection is better in providing accurate Kikuchi submucosal staging and greater tumor clearance. 31 Submucosal staging is a valuable predictive factor for mesorectal lymph node involvement. Together with good local clearance, this information allows the patient the informed option of not proceeding to radical resection. 22 Endoscopic mucosal resection can only provide an intact en bloc specimen in 24% to 63% of rectal adenomas greater than 2 cm as opposed to 98.9% of lesions 3 cm or greater by TEMS in the present series. 7, [11] [12] [13] A piecemeal specimen precludes assessment of the circumferential and deep resection margins, which is a predictor of local recurrence in adenomas and is of particular importance when unexpected malignancy is found. 2 Recurrences after EMR for lesions 2 cm or greater is up to 46%, particularly following piecemeal excision, [32] [33] [34] [35] [36] as opposed to 9.5% for lesions 3 cm or greater in our series. Endoscopic submucosal dissection involves dissection of the submucosal layer using an endoscopic knife and allows higher en bloc resection rates of larger lesions than EMR. 20 Reports on ESD of large rectal lesions greater than 3 cm have shown intact en bloc specimen in 79% to 93% of cases and R1 rates of 11% to 26%. 11, 12, 37, 38 In our series, the outcomes of TEMS in similar lesions compared favorably with an intact en bloc specimen in 98.9% and R1 resection in 10.9%. Furthermore, unlike ESD and EMR, TEMS can be performed safely in recurrent lesions where the submucosal plane is obliterated and in lesions that do not lift with submucosal injection, indicating the possibility of invasive carcinoma. 36, 39 Overall, TEMS complications were already reported in our unit. 15 Our study demonstrated that their risk is strongly correlated with lesional size and significantly increased with the excision of lesions greater than 5 cm. Overall results were comparable with rates reported in literature (5%-26%). 28, 40, 41 Transanal endoscopic microsurgery can cause a mild transient anorectal dysfunction owing to the anal dilatation performed by the 4-cm operating proctoscope. However, the sphincter function, if affected, returned to normal after TEMS in all but 1 study. Indeed, rectal function often improves once the tumor had been removed. [42] [43] [44] [45] This was confirmed in our series, where mild transient anorectal dysfunction subsided spontaneously at follow-up in all 4 patients who experienced it.
Similarly to the overall complications, the local recurrence rate also increased with the excision of lesions greater than 5 cm when compared with smaller lesions (Table 3) . The difference became more significant 40 months after surgery and perhaps a prolonged follow-up on giant lesions would be advisable. To our knowledge, there are no prospective studies in the literature directly comparing the effectiveness and safety of TEMS vs endoscopic techniques on these giant lesions; therefore, we were not able to make recommendations concerning the way they are best managed.
The univariate analysis found that the distance from the dentate line was a significant factor associated with the recurrence in this series (Table 4) . The proximity to the dentate line prevents full-thickness excisions owing to the need to preserve the sphincters. In view of the beneficial effect of a full-thickness excision in decreasing R1 resections and local recurrence rates in T1 cancer, 46 this could have translated into higher R1 rates and recurrence rates. However, thickness of excision (full or partial) was not found to be independently associated to recurrence in this series.
The Cox regression analysis also found that the R1 status, more than the distance from the dentate line, was associated with the recurrence rates. This confirms previous findings about the importance of an R0 resection on reducing recurrence rates where only 4% of R0 benign resections recurred compared with 29% of R1 resections, 2 and only 7% of R0 resections for T1 cancers compared with 46% of R1 resections. 26 In our series, there was a trend toward higher R1 rates for larger lesions and, although this association did not reach statistical significance, this could be the consequence of a sample size bias. The higher R1 rate in large lesions could indeed explain the increased recurrence rate we found for adenomas greater than 5 cm.
Our results confirmed that giant rectal adenomas close to the dentate line represent the most challenging subgroup of lesions to face.
In conclusion, TEMS on large rectal adenomas provides en bloc, full-thickness specimens, with R1 and recurrences comparable with or better than those reported in literature for perianal excision, EMR, or ESD. Although in this series there was a trend toward higher R1 resections and unexpected cancers in large and giant lesions when compared with small lesions, this did not reach statistical significance. However, the risk for postoperative complications and local recurrences significantly increased with lesions larger than 5 cm as well as incomplete resections (R1) and close distance to the dentate line. In view of the limitations of this study, future prospective studies on larger series will be welcome to confirm our findings and better delineate the best way of managing giant lesions. 
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